The authors' motivation was the growing popularity and interest in both aspects as well as the attempt to identify the relationship between the intelligent factory and other models and concepts. This paper was developed to assess the state-of-the-art in the Smart Factory concept, and in particular its analysis in the context of the concept of sustainable development and green growth policy. The aim of the study was to identify a research gap as a lack of publications linking the concept of a Smart Factory with such management concepts as: lean or agile, as well as green growth policy and sustainable development. Methods: In the literature review, publications from the Web of Science and Scopus databases were analyzed. The identification of the gap was possible due to the analysis of the occurrence of the key concepts in the scientific papers which were selected by the authors. During the research, a sheet was created. It was the database of articles meeting the established criteria.
INTRODUCTION
The concept of a Smart Factory in literature appeared already at the end of the twentieth century, that is, a dozen or so years before the dynamic growth of interest on the canvas of the fourth industrial revolution [Elliott, Hyduk 1989] . In the following years, at the turn of the century, there was a noticeably growing interest in sensors [Robert et al. 1993 , Yen 1999 , Schilp et al. 2003 ], production automation [Biros, Sadowski 2000 , Wucherer 2003 , Colombo et al. 2004 , supply chains [Noori, Lee 2002] , followed by wireless technologies [Lee et al. 2007 , Secrist 1997 , Zhuang, Goh, Zhang 2007 , Bag, Anand, Pandey, 2017 . All these elements began to connect with the concepts of the Smart Factory and smart production (also called as smart manufacturing). This is because the technological advancement became a natural catalyst for development, as well as the evolution of the definition of intelligence in industry. A few years before the postulated fourth industrial revolution, the intelligence of production and factories was associated with digitalization [Gehman 2002 , Lake 2003 , Schott et. al. 2018 and the vision of the creation of an independent Smart Factory was announced at the beginning of the 21st century [Teresko 2004 ]. The concept of the fourth industrial revolution, called in Germany as 'Industry 4.0', can be understood as a significant change in the organization and management of the 21st century industry, using a number of tools and technologies. The most important ones include RFID, CPS, IoT, IoS and the Big Data concept [Odważny, Szymańska, Cyplik 2017] . The Industry 4.0 concept was presented as an element of HighTech Strategy 2020 -an action plan implemented by the German government. It is worth noting that similar concepts were also created in the United States (under the name 'Industrial Internet') and Internet + in China. In subsequent years, the number of definitions increased thanks to numerous organizations and entities that began to deal with the subject. This is exemplified by the Smart Manufacturing Leadership Coalition (SMLC), which indicates the essential features of smart manufacturing. According to it, smart manufacturing is the ability to solve current and upcoming problems through open infrastructure, which allows for faster implementation of solutions, building advantage and additional value in the process [Leiva 2017 ]. The National Institute of Standards and Technology (NIST) defines smart manufacturing as fully integrated and interoperable systems that are able to react in real time to variable demand and conditions not only in the factory, but also in the supply chain, with an emphasis on customer needs [Carolis et al. 2017 ].
The concept of Smart Factory within Industry 4.0 was presented for the first time in Germany in 2011 and it is closely related to the fourth industrial revolution [Kagermann, Wahlster, Helbring] . This was the moment when the diversity of definitions and understanding of the concept of an intelligent factory began to decrease. The authors of articles about the Smart Factory began to point out the common features of the concept, which were also presented in this paper. Undoubtedly, the smart approach to production is a wide set of tools used to optimize manufacturing processes. The implementation of the 'smart' assumptions and concepts created an important competitive advantage with the use of advanced information and production technologies, gaining flexibility in the physical process at the same time despite the dynamically changing global market.
An intelligent factory is therefore a flexible and independent unit, which is characterized by high technological advancement, presenting features related to the fourth industrial revolution. It is a highly flexible factory with a high level of vertical and horizontal integration. Machines, devices and people are connected on the network thanks to numerous sensors and the control system is managed remotely, using applications and mobile tools. The intelligent factory is also a unit capable of effectively aggregating and using data. These data can be the basis not only for the management of current production, but also for planning processes or preventive management.
The Smart Factory is a factory that should be identified with a smooth flow of information, ease of adaptation to a changing market environment, as well as a high level of data security. The factory's intelligence results not only in the available technologies, but also a close relationship with the customer who is, inter alia, able to change features of an ordered product.
On the basis of the literature study, it is possible to point out a number of the Smart Factory features [Hermann, Pentek and Otto 2015] . These are among others: − Appropriate network infrastructure, control systems, analytical software and integrated information system. − Access to modern technologies -primarily technologies that enable the analysis and processing of large amounts of data (Big Data) and artificial intelligence. − Interoperability achievable through the operation of the Internet of Things. − Virtualization applied to support both realtime management and operational management. This can be achieved thanks to sophisticated simulation models. − Technological decentralization, which supports an independent decision making process in cyber-physical systems for the production of highly customized products (in practice the products are designed directly by the customer).
Real-Time capabilities, understood as the ability to aggregate and analyze specific and current data in real time. As a result, the factory can react immediately to any changes on the market, but also machine errors, Odważny F., Wojtkowiak D., Cyplik P., Adamczak M., 2018. Smart Factory within sustainable development and green growth concepts. LogForum 14 (4), 467-477. http://dx.doi.org/10.17270/J.LOG.2018.301 469 producing on parallel devices (or production lines) [Schlick 2014 ].
The implementation of the above should lead to the construction of a flexible unit identified with the Smart Factory concept. Such a defined factory has features of high adaptability to dynamically changing demand and is able to optimize production on a large scale, but also in small production batchesproducts with high diversity [Jäger 2016 ].
The concept of sustainable development seems to be a much broader issue, comparing it to the Industry 4.0 concept. It is also a concept that has been defined many times since the 1970s. Sustainable development is the result of changes in the production and socio-economic environment that began to pay attention in the 1960s to the natural environment and its relationship with it. In addition, the authors more and more often paid attention to the level of environmental degradation, and the idea of 'quality of life' was gaining in popularity. It is worth noting that sustainable development concerns not only the area of industry, but is a much broader concept, also taking into account its scope that also embraces construction, architecture, business (including services), urban transport, but also consumption. In relation to the above, we are dealing with a mature concept, in contrast to the Industry 4.0 concept, which in fact is still being developed and is not yet clearly and precisely defined or described. In this paper, sustainable development will be defined as a concept which takes into consideration all aspects of human life: it is based on three pillars: social, economic and environmental. After the publication of the Brundtland Commission's report 'Our Common Future', the idea of sustainable development started to function as a way of satisfying the growing needs of the population while preserving the environment at the same time [Zaman, Goschin 2014] .
It is worth underlining that despite the relatively long functioning of the term 'sustainable development', the authors still point out that the term is much more developed in theory than in practice [Skowroński 2006] . It is therefore one of the elements that can be analogous to the Industry 4.0 concept. In the literature since 2000, links between science, technology and sustainable development can be noticed. The authors even argue that science and technology should play a central role in the implementation of the sustainable development concept [Cash et al. 2003 ]. Unfortunately, in most cases, the development of technology is carried out at without green trends that would prevent the degradation of human life and the Earth's system. In connection with the above, the essence of the hypotheses and questions posed in this work seems accurate and justified.
METHODOLOGY AND PURPOSES OF ANALYSIS

Literature review criteria
A systematic literature review is a method for analyzing literature, using a specific range of tools to analyze data, identify, select and critically evaluate literature in the chosen research areas. The main purpose of the method is to find answers to defined and developed questions stated at the beginning of the thesis or to pertain to the previously stated hypothesis using research which was assumed within the literature review [Okoli, Schabram 2017] . Qualifying literature is usually done on the basis of the primarily set criteria.
The systematic literature review thanks to its form can be used as a method which fills the gap within methodologies designed for analyzing problems in the specific research or literature area [Tranfield, Denyer, Smart 2003 , Adams 2016 ].
The main criterion for doing searches in both analyzed databases was the keyword 'Smart Factory'. In the next stage, the authors limited results using additional filters. 
Study selection
In this paper, the authors decided to prepare a systematic literature review which is based on two different databases: Scopus and Web of Science. Articles were analyzed using a previously prepared Excel spreadsheet. This spreadsheet includes all qualified articles and publications on the basis of the chosen criteria. The list allowed the authors to assign to publications the following keywords: sustainability, green growth, lean, agile, automation, Internet of Things, CPS (Cyberphysical system), Industry 4.0, Big Data. The keywords should be treated as a brief description of the publication and were the base for further analysis. First four keywords (sustainability, green growth, lean, agile) were chosen specifically because of their popularity within the management area. The authors wanted to find and understand possible relations between concepts and models. What is more, the purpose was to check the hypothesis that the number of articles which cover more than one concept is close to zero. Other keywords (automation, Internet of Things, CPS, Industry 4.0, Big Data) are commonly used terms within considerations of the Smart Factory after the fourth industry revolution.
Algorithm of analysis
Source: own study In both databases, the authors were searching for the 'Smart Factory' keyword. In the next stage, results were limited as described in the previous chapters of this paper. After preparing the list of publications Reject article n. Analyze article's n abstract.
Asign article to category.
Describe article including details.
Asign additional keywords.
Is this the last article?
Summarize the analysis. F., Wojtkowiak D., Cyplik P., Adamczak M., 2018. Smart Factory within sustainable development and green growth concepts. LogForum 14 (4), 467-477. http://dx.doi.org/10.17270/J.LOG.2018.301 471 and using chosen filters articles' titles were checked and specific publications were qualified for abstract's analysis. The articles devoted to the topic of Smart Factor within Industry 4.0 were chosen for further analysis and included in the Excel spreadsheet. All publications in the spreadsheet were described by filling names of the authors, date of publication, place of publication. What is more, the authors prepared an additional, short description of each article and assigned specific keywords to them which were chosen during the analysis and were considered as crucial for further analysis. Such an approach allowed the authors to prepare two separate spreadsheets (for both databases separately), which were merged. The articles, which appeared in both bases, were marked to avoid doubling the results. Figure 1 presents an algorithm which is a simplified presentation of steps taken by the authors in order to complete the analysis.
The above algorithm performance results are presented in the consecutive chapter.
ANALYSIS RESULTS
In accordance to the assumptions described in the previous chapters, the authors analyzed a group of 603 articles from the Web of Science database. This number was obtained from 1372 articles which were limited by filters (language limitation, scientific areas and type of publication, i.e. excluding patents). Tables 1 and 2 In the next step of analysis, the authors took a look at the review work based on information from the titles and content of abstracts. Thanks Odważny F., Wojtkowiak D., Cyplik P., Adamczak M., 2018 . Smart Factory within sustainable development and green growth concepts. LogForum 14 (4), 467-477. http://dx.doi.org/10.17270/J.LOG.2018.301 472 to this, 293 articles from Web of Science were qualified for further analysis.
The second source of data used by the authors was the Scopus database, which offers 1437 articles before filtration and 997 after.
As in the case of the Web of Science results analysis, the same analysis was performed in the case of Scopus. The leading research units with researchers most active in publishing articles related to the Smart Factory concept. These units are stated in Figure 3 .
Source: own study Summing up the analysis from both databases, 293 and 202 articles which could be assigned to or refer to one or more criteria (i.e. sustainability, green growth, lean, agile, automation, Internet of Things, Cyber Physical System -CPS, Industry 4.0 and Big Data) were selected. In total, 495 articles were obtained of which about 15% appeared in both databases. Finally, 419 unique articles which match authors' criteria were prepared in the list.
During the analysis, attention was also paid to the aspect related with the number of articles appearing over time. Table 3 presents the number of articles that meet the authors requirements published in subsequent years. Based on the data, it can be seen that in the last two years the interest in this subject was definitely bigger than before. Analyzing the summary of the collected articles in the context of keywords related to the Smart Factory topic, it can be seen that the least articles refer to the framework of sustainable development and green growth as well as Lean and Agile Production. The list for all keywords is presented in Tables 4 and 5. For the purposes of this article, a summary of the concepts occurrence over the years has been prepared. Detailed information can be found in Table 5 . Based on the data from tables 3 and 5 it can be concluded that the greatest interest in the analyzed topics was in the years 2016-2017. In turn, the beginning of interest can be considered to be in 2012 because of the number of publications. It may be directly related to the Industry 4.0 concept which began to operate in 2011 in Germany. Green  growth  1997  1  1998  1  1999  2000  1  2002  2003  1  1  2004  3  2005  2  2006  2007  1  2008  2009  2010  1  2011  1  2012  4  4  1  1  2  2  2013  2  2  4  1  2014  12  7  6  5  2  3  2015  25  16  19  10  5  3  2  1  1  2016  83  44  40  18  12  6  4  3  3  2017  65  43  29  12  12  5  7  2  1  Total  185  117  96  63  32  20  16  8  5  Source: own study
CONCLUSIONS
The systematic literature review is a great base for analyzing a specific and scientific problem or understanding a term or a group of terms. The executed analysis let the authors to point out interesting facts and observations in the area of the Industry 4.0 concept. It was especially interesting to investigate relations between sustainable development and green growth trends with the Smart Factory idea.
The first remark that the authors would like to outline is that there are no articles which cover the Smart Factory topic relating to lean or agile management at the same time. This is interesting especially considering the popularity of lean and agile in the 20th century. Tools used in these two concepts were very often implemented and used within the Industry and it seems that they could improve the factory shape towards the Smart Factory. Nevertheless, the systematic literature review and the analysis show that other authors rarely see lean and agile as a chance considering the Smart Factory and they do not combine these concepts. On the basis of the review it is impossible to state if the combination is possible and what the relations are. However, the authors find this topic interesting and worth further analyses. This should be considered as a research gap. What is more, authors suggest that there is a chance or even a need to use a lean and agile approach in production, resources and processes management.
Considering the purposes of this paper, it is important to also mention that there are no articles which cover the topic of Smart Factory within Industry 4.0 and sustainable development or green growth. Green growth and sustainable development should be defined as much wider terms than the Smart Factory itself. Following this statement, the authors suggest that the Smart Factory concept implementation should be performed in the alignment with sustainable development requirements and should constantly question the correctness of implemented solutions green wise. It is crucial that the Smart Factory wisely manages all resources including wastes and knowledge. Unfortunately, the number of articles which describe these aspects is close to zero.
Such articles mostly consider technological aspects and specific solutions. Most popular amongst them are: RFID, wireless, cloud computing, automation and common use of robots. Therefore, the authors suggest to investigate more widely the topic of sustainable development and green growth within Industry 4.0 and Smart Factory. The authors interpret this as the second scientific gap, even more important considering current requirements and laws within environmental protection and work safety regulations.
In the introduction of this paper, the authors stated that Smart Factory appeared already in late 1980s. Obviously, the term used almost 30 years ago did not relate to the fourth industry revolution and had a different scope. However, the publications show that at the time there was already interest in automation and robots. What is more, this interest expressly increased which was also predicted in prime publications.
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